The sarcosine oxidase gene was randomly mutated, and F103V, which showed altered specificity, was screened with the plate assay. Five different mutants at position 103 were also constructed. Each mutant exhibited a rather striking change in substrate specificity, except for F103W. The optimum pH was also shifted, depending on the substrate.
by the plate assay, and one positive clone was found among about 3,000 colonies.
The recombinant plasmid was extracted from this clone, and the DNA sequence of the insert fragment was determined by the dideoxy method (6) . As a result, only one T -* G change was found at position 307 of the soxA gene, resulting in the replacement of the phenylalanine residue at position 103 by valine. The mutant SoxA and the recombinant plasmid were designated F103V and pSAOEP3-F1O3V, respectively.
The sarcosine oxidase and N-methylvaline oxidase activities of F103V were compared with those of the wild-type enzyme by using the plate assay (Fig. 2 ). E. coli JM109(pSAOEP3) was positive on the indicator plate containing 0.1% sarcosine and negative on the plate containing 0.1% N-methyl-DL-valine. In contrast, E. coli JM109(pSAOEP3-F1O3V) was negative on the former and positive on the latter. Accordingly, the substrate specificity of SoxA was changed by a point mutation at position 103.
Construction of other mutant enzymes by site-directed mutagenesis. The amino acid substitution of F103V leads to a change into a small side chain. In order to investigate the role of phenylalanine at position 103, other mutants were constructed by replacing it with amino acids of different sizes, The Km values of the wild type for sarcosine and Nmethylalanine are much smaller than those for N-methylvaline and N-methylleucine. It appears that the binding affinity is higher for the smaller substrate than for the larger one. F103W also shows the same tendency as the wild type. In contrast, other mutants show quite different tendencies. The Km values of these mutants for N-methylvaline and N-methylleucine are much smaller than those of the wild type. However, the Km values for sarcosine and N-methylalanine increased remarkably. As a result, the substrate specificities of these mutants were considerably changed from that of the wild type. For example, the catalytic efficiency (kcat/Km) of F103V for Nmethylvaline is about 15 times higher than that of the wild type because of a corresponding decrease in the Km. The kcat/Km of F103A for N-methylvaline is about 40 times higher than that of the wild type, although the kcat/Km for sarcosine is about 1/100th that of wild-type enzyme. The amino acid residue at position 103 influences the SoxA-substrate interaction.
Optimum pH of wild-type enzyme and its mutants. Since the amino acid at position 103 was related to the substrate specificity, the effect of pH on the activities of the wild type and its mutants was investigated with two kinds of substrates (Fig.  3) . The wild type and F103W showed maximum activities for sarcosine at around pH 7 (1 U is defined as the amount of enzyme that catalyzed oxidation of 1 jxmol of substrate per min) was assayed under standard conditions as described in Table 1 , with 50 mM buffer solution as indicated: pH 5.5 to 7.5, potassium phosphate; pH 8.0 to 8.5, Tris-HCl; pH 9.0 to 9.5, glycine-NaCl-NaOH. For N-methylvaline, the pH profiles of each SoxA were different, as shown in Fig. 3B . The optimum pH values of N-methylvaline oxidase activities of almost all enzymes were neutral (between 7.0 and 8.0) and did not exhibit marked differences by amino acid replacement. These results indicate that the effect of pH on activity was also influenced by the substrate. In the case of SoxA, the substrate specificity can be significantly altered by substituting a variety of amino acids, and these changes also affect the pH optimum response to several substrates. 
